 DFT study of the binding mechanism of two polylithiated molecules, CLi2 and OLi2, on g-CN.  It was observed that CLi2 (OLi2) bind to g-CN with an average binding energy of -3.19 eV/CLi2 (-2.55 eV/OLi2)  The H2 adsorption energies for both the systems lie ideally between 0.20-0.40 eV/H2,  Both CN-2CLi2 and CN-2OLi2 monolayers could be considered as efficient H2 storage materials.
as a perfect alternative to the existing energy sources would it not be for its difficult storage requirements. [4, 5] Despite extensive research in the last couple of decades, a promising option for effective H2 storage has yet to be achieved. However, a material based storage approach sounds practicable, provided a suitable material could hold a large amount of H2 and release it on demand under reasonable operating conditions. [6, 7] Cost effective and lightweight materials with large surface area and having equitable interaction with H2 can be stimulating in this regard.
Carbaneous nanostructures possessing extremely large surface area and with several modes of synthesis can be regarded as perfect absorbing materials, however in pure form, their interaction with H2 is an issue of concern. In this study, we have performed a systematic study to investigate the structural analysis and binding mechanism of polylithiated molecules (CLi2, OLi2) functionalized g-CN monolayer. Electronic structure and the H2 storage properties of the functionalized systems, CN-2CLi2 and CN-2OLi2, have also been explored.
Computational methodology:
In order to study the structural, electronic and hydrogen properties of polylithiated functionalized g-CN, we performed the calculations by means of density functional theory (DFT) using the VASP code.
[21] Generalized gradient approximation (GGA) of Perdew, Burke, and Ernzerhof (PBE) was employed for the exchange and correlation functional. We used projector augmented wave (PAW) method with an energy cutoff of 500 eV throughout the calculations.
[23] The Brillouin-zone (BZ) sampling was done by k-point mesh of 5×5×1 for structural optimization and 9×9×1 for plotting density of states (DOS) under MonkhorstPack scheme.
[24] Based on our previous experience, the underestimation of using GGA in calculating the H2 adsorption energies could be rectified by including van der Waals correction of Grimme (D2).
[25] The charge transfer mechanism was studied by using Bader analysis. The van der Waals corrected adsorption energies of H2 has been calculated by the following relation Eads= E {n H2 @CN-2CLi2/CN-2OLi2 -E (n-1) CN-2CLi2/CN-2OLi2 -E (H2)} (2) Here 1 st and 2 nd terms represent the total energies of CN-2CLi2/CN-2OLi2 sheets with n and (n-1) H2 molecules, respectively. E (H2) represents the total energy of H2 molecule in the gas phase.
Results and discussion:
Before discussing the binding mechanism of polylithiated molecules (CLi2, OLi2) over g-CN,
we give a brief description of its structural and electronic properties. Despite being an isostructure to g-C3N4 and C4N3, the g-CN membrane has an equal C to N ratio unlike the other two membranes and it also has a big central round pore with six N as shown in Fig Interactions between pure CN and polylithiated molecules can be elucidated by the analysis of orbital-resolved density of states (PDOS) as depicted in Fig. 3 . It is evident from the DOS in storage capacities are given in Table 1 .
CN-2CLi2 CN-2OLi2
No. show that one can achieve a significant increase in storage capacity by increasing the lithium content of the functionalizing molecule. However, the results for CH show that one needs to take care that the resulting increase in molecular weight and also decrease in available space due to the larger size of the molecule are not counting against this, resulting in smaller capacities. The results from the current study emphasize that lighter functionalizing molecules are preferred as a significant higher capacity can be achieved with the same number of adsorbed hydrogen molecules.
Conclusion:
Here we employed first principles calculations based on DFT to study the binding mechanism of two polylithiated molecules, CLi2 and OLi2, on g-CN and further explore their promise as potential high capacity H2 storage material. It was observed that CLi2 (OLi2) bind to g-CN with
an average binding energy of -3.19 eV/CLi2 (-2.55 eV/OLi2) and an average distance of 1.52Å
(1.42Å). Reasonably high binding energies and large enough distances between themselves guaranteed a uniform spreading of both CLi2 and OLi2 over g-CN, which is necessary for a reversible H2 storage medium. Each Li in CN-2CLi2 (CN-2OLi2), having a partial positive charge, could anchor a maximum of three H2 molecules through electrostatic and van der Waals interaction reaching a significantly high H2 storage capacity of 10.34 wt% (9.76 wt%). The H2 adsorption energies for both the systems lie between 0.20-0.40 eV/H2, which fall within the preferred range for the operation at reasonable condition of temperature and pressure. Thus, both CN-2CLi2 and CN-2OLi2 monolayers could be considered as efficient H2 storage materials.
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